Background and Objectives: Silver nanoparticles (AgNPs) have physical and surface properties that could threaten human and environmental health. AgNPs are classified as 'very toxic' to eukaryotic organisms and are less toxic to bacteria. The aim of the present study was to study the effects of different sub-minimum inhibitory concentrations (MICs) of AgNPs on some virulence factors of Staphylococcus aureus as a pathogenic bacterial model.
tests.
Biochemical examinations were performed according to methods described by Murray et al. (6) . The hemolytic activity was evaluated by plating the strains on 5% bovine blood agar (Merck, Germany) for alpha-and beta-hemolysin production. Presence of complete lytic zone (transparent) with blurred edges and incomplete (non-transparent) lytic zone (that became complete with sharp edges after overnight incubation at 4 °C) confirmed production of alpha-hemolysin and betahemolysin, respectively (6) . Production of delta-hemolysin was determined by the synergistic hemolysis method described by Hebert and Hancock (7) . Strains found as positive for DNase, coagulase and α, β, ∂ hemolysins production were selected for further testing. Colloidal AgNPs with particle size ranging from 10 to 20 nm (Sigma, CAS Number 7440-22-4) were purchased from Kian Eksir Co., Iran. A dilution of 100 µg/mL AgNPs was prepared from the stock solution (1000 µg/mL) in Muller Hinton broth (MHb, Merck, Germany) after sonication. MHb was used for all antibacterial assays. Tube double serial dilution method was used to determine MIC of AgNPs against S. aureus, according to the guidelines of the Clinical and Laboratory Standards Institute (8) . The bacterial cultures in tryptic soy broth (TSB, Merck, Germany) were incubated aerobically at 37 °C for 18-24 hours. Turbidity of the cultures was adjusted to 0.5 McFarland (1.5×10 8 CFU/ml) and then diluted in saline solution to obtain an inoculum of 5×10 6 CFU/ tube. Positive and negative controls were also prepared. The inoculated tubes were incubated aerobically at 37 o C with shaking for about 18 hours. The lowest concentration that inhibited visible growth of bacteria was defined as MIC. All experiments were performed in triplicate. To analyze the effect of sub-MIC of AgNPs on the growth of S. aureus isolates, overnight cultures of the standard strain was inoculated into tubes containing Lauria Bertani broth (LB, Biomark, India) supplemented with 1/2 MIC of AgNPs arranged as MHb and inoculated bacteria, MHb + 1/2 MIC AgNPs + inoculated bacteria, and water + 1/2 MIC AgNPs. The tubes were incubated with shaking at 37 o C, and OD 600nm was recorded at 2-hour intervals for up to 12 hours. The tubes supplemented with 1/2 MIC (25 µg/mL), 1/4 MIC (12.5 µg/mL) and 1/8 MIC (6.2 µg/mL) of AgNPs were grown at 37
INTRODUCTION
Silver ions are usually not available in concentrations high enough to pose a risk to human health and the environment, but silver nanoparticles (AgNPs) have physical and surface properties that could threaten human and environmental health (1) . Indeed, buildup of AgNPs in the environment can act as a reservoir of toxic silver ions in the ecosystems. A recent study analyzed effects of AgNO 3 and AgNPs on the composition and metatranscriptome of a natural community of aquatic protists and reported that a day exposure to concentration of 10 µg/L AgNO 3 limited the growth of flagellates and dinoflagellates compared to unexposed controls. On the other hand, exposure to AgNPs resulted in less profound effects compared to ionic silver (2) . Another study on different NPs including AgNPs showed that crustaceans, algae and fish are the most sensitive, and stated that AgNPs are 'very toxic' to aquatic organisms and less toxic to bacteria compared to aquatic organisms (3). Based on current reports, AgNPs can cause bacterial toxicity through membrane proteins and oxidative damage but do not cause bacterial DNA damage (3). Staphylococci are pyogenic bacteria associated with abscess formation and suppuration. Pathogenic staphylococci produce a 'battery' of toxins including various enzymes such as DNase, coagulase and hemolysins (α, β, ∂), which are considered indices of pathogenicity (4). The antibacterial activity of AgNPs has been well-studied, while the effect of these particles at sub-minimum inhibitory concentrations (MICs) remains unclarified. Therefore, the aim of the present study was to study the effects of sub-MIC of AgNPs on some virulence factors of Staphylococcus aureus as a pathogenic bacterial model.
MATERIAL AND METHODS
Ten field isolates of S. aureus from human skin wound infections in our earlier work (5) and a standard strain of S. aureus (RTCC 1907) were collected from bacterial collection of microbiology laboratory at School of Veterinary Medicine, Shahrekord University, Iran. Primary characterization of isolates was based on Gram staining as well as morphological and cultural characteristics. Colonies were tested with slide coagulase (using rabbit plasma), catalase and DNase 8/ Effects of Sub-Minimum. . . the controls (Figure 1 ). The MIC of AgNPs against all S. aureus isolates was determined as 50 µg/mL. The results showed that AgNPs at 1/2 (25 µg/mL), 1/4 (12.5 µg/mL) and 1/8 (6.2 µg/mL) MICs had no negative effect on DNase and coagulase production. As shown in table 1, AgNPs at sub-MICs of 1/2 to 1/8 prevented production of alpha-and beta-hemolysins in most isolates (64-91%). However, inhibition of delta-hemolysin production was noted only at 1/2 MIC of AgNPs.
°C with constant shaking under aerobic conditions. After 24 hours, samples from each tube were streaked on blood agar plates and the plates were incubated at 37 °C for 24 hours. Finally, assays for hemolysins, coagulase and DNase production were performed as described previously.
RESULTS
Our examinations showed that 1/2 MIC of AgNPs can alter the growth rate of the standard strain of S. aureus when compared to However, we could not find any study on the effects of sub-MICs of AgNPs on production of excretory proteins in S. aureus. Beside the ecological side effects of sub-MICs of AgNPs, their effects from the therapeutic perspective should also be taken into account. Considering the antimicrobial potential of AgNPs, diluted concentrations of these NPs could be used as antibacterial agents against S. aureus (4).
CONCLUSION
Our results show that AgNPs exhibit potent anti-hemolytic activities with no negative effect on DNase and coagulase production in S. aureus isolates. Further studies on the effect of sub-MICs of these NPs on other bacteria could provide more insight on the therapeutic potential of AgNPs. 
